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"N CP/MAS NAIR of Aramids: A New Tool for Characterization

of the Morphology of High Modulus Fibers for Composites

Douglas G. Powell and Lon J. Mathias*
g Department of Polymer Science

University of Southern Mississippi
Hattiesburg, Mississippi 39406-0076

ABSTRACT

Natural abundance "N solid state NMR was found to provide unique molecular and

microscopic level information on aramids and aramid-containing copolymers. Poly(p-

* phenyleneterephthalamide) (PPTA) coagulated from H2So 4 into water displayed a broad

envelope of overlapping peaks between 90 and 100 ppm (relative to solid glycine).

Annealing significantly reduced the width of this envelope although not to the level

of the commercial Kevlar fiber spectrum. Molecular level composites of PPTA grafted

with nylon 3 in a nylon 3 matrix showed broad peaks for the aramid components up

to 30% by weight content. Peak widths were comparable to that of the precipitated

PPTA. Above 30% PPTA, phase separation (confirmed by IR, x-ray and SEM) is

observed by solid state NMR as narrower peaks for the aramid nitrogens. Poly(p-

benzamide) (PBA) powder shows similar behavior to PPTA before and after annealing.

A block copolymer of PBA with nylon 6 (80% PBA) showed a much sharper peak for

the aramid nitrogens consistent with a greater degree of uniformity and order in this

material. While detailed assignment of all peaks observed is not complete, the value

of the method for characterizing aramid-containing materials was clearly demonstrated.
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'5N CP/MAS NAIR of Aramids: A New Tool for Characterization

of the Morphology of High Modulus Fibers for Composites

Douglas G. Powell and Lon J. Mathias"
Department of Polymer Science

University of Southern Mississippi
Hattiesburg, Mississippi 39406-0076

INTRODUCTION

In recent years, high modulus aromatic polyamides have become important in the

fabrication of high performance composites. Current methods of fiber manufacture

ivolve coag' Iation and.o-,.i. of fibers from liquid crystR"- c ... kion pr-ic to

impregnation and cure with a suitable matrix. To achieve ultimate modulus and

tensile properties, several workers have attempted to disperse these high modulus

fibers at the molecular level to generate molecularly reinforced composites.' This

dispersion has been achieved either through coagulation of the fibers in the presence

of a suitable matrix'- or by in it reactions to form a matrix around solution

dispersed fibers. 4

Polymer crystallinity, amorphous regions, stress-induced kinking' and other non-

isotropic behavior play important roles in achieving, or limiting, the ultimate strength

of the composite. Unfortunately, methods for direct analysis of insoluble, intractable

fibers and composites are limited.

We recently reported the utility of '5N CP/MLAJS NIR in analysis of crystalline

* morphology of solid polyamides as well as aramid-amide copolymers.6' 7 Unlike x-ray,

the NAIR technique was found to be sensitive to both crystalline and amorphous

regions in the polymer. We report here the "5N NAIR analysis of some commercial

aramids processed under different conditions. In addition, the '5N NAMR spectra of

previously reported molecular composites are presented to demonstrate the power of

this technique in readily observing changes in dispersion at the molecular level.



EXPERIMIENTAL

Samples of poly(p-benzamide) (PBT) powder and Kevlar (PPTA) pulp and fiber and

were obtained from E. I. Dupont Chemical Co., Wilmington, Delaware. Molecular

composites containing from 10 to 50% PPTA with 15% nylon 3 grafts in a matrix of

nylon 3 were prepared as previously described.' Films of PPTA were prepared by

dissolving the PPTA pulp in concentrated sulfuric acid and then casting on a glass

plate. The films were coagulated by irrigating with distilled water. The films were

lifted from the glass and extracted overnigLt with water and then dried in-vacuo at

g" 80°C overnight. Selected samples were annealed at 400'C under flowing nitrogen.

'5N CP/MAS NlMR spectra were obtained on a Bruker MSL-200 at a frequency of

20.287 MHz and 1H frequenry of 200.13 Hz. A standard cross polarization pulse

* sequence was used with a contact time of 1-2 ms. Other experimental parameters

have been described previously.'

RESULTS

* Figure 1 shows the '5N CP/MAS NMIR spectra of PPTA prepared under various

conditions. The top trace shows a sample coagulated into water from a 4% solution in

H2So 4. The middle trace shows the same sample after annealing at 400 °C for 8

hours. PPTA coagulated from dilute (< 8%) H2so4 solutions has been shown to

contain a large amorphous fraction which can be crystallized by annealing at elevated

temperatures.8 The '5N NTMER spectra show this change as the disappearance of outer

resonances in the broad absorbance combined with an overall linewidth narrowing.

The lower spectrum of the highly oriented fiber demonstrates convincingly the

narrowving of linewidth as the degree of crystallinity and ordering increases.

* Figure 2 shows the 15N CP/MAS NMR spectra of molecular composites prepared by

grafting of nylon 3 onto dispersed PPTA. The spectra show, from top to bottom, 10%,

20%, 30%, and 50% PPTA by weight in the composite. The lower trace shows a water

* precipitated and annealed sample of PPTA. Interestingly, the linewidth of this peak



and the 50 weight percent composite show little difference indicating the PPTA is

highly crystalline in this composite. The upper traces with 10 to 30 weight percent

show substantial broadening in the PPTA resonance comparable to Figure 1 (upper

trace) indicating lower order in the PPTA crystal structure plus amorphous regioLs in

the PPTA. This agrees with previous characterization of these materials by x-ray and

IR which concluded that good dispersion was possible at loadings of 30% PPTA or

less.4  At levcls above this, PPTA begins to aggregate due to the incompatibility of

the PPTA with the nylon 3 matrix. '5N CP/MLAS NMR analysis thus provides a simple

non-destructive technique for probing the dispersion and relative cry&tallinity of the

rigid-rod reinforcement in a molecular composite.

Figure 3 compares samples of PBT homo- and block copolymers. The upper trace is

of an as-obtained powder sample with an intrinsic viscosity reported to be 1.18 dL/g.

Surprisingly broad peai= width (or a large number of overlapping peaks) was observed

which narrowed significantly on annealing (middle trace). The bottom trace is of a

PBT-nylon 6 block copolymer 6 containing 80% aramid segments. The presence of the

flexible nylon 6 units apparently allows facile crystallization of the PBT blocks leading

to sharper peaks that we attribute to more uniform crystallites than observed for the

PBT homopolymer.

CONCLUSIONS

The utility of '5N NMER for morphological evaluation of solid aramids and

composites has been demonstrated. While chemical shift changes are small compared

to those observed for nylons, the linewidth of the nitrogen resonance appears highly

sensitive to the presence of amorphous regions and the degree of order and dispersion

of rigid rod molecules in a composite or block copolymer. We are currently examining

other aramid polymers and model compounds in an attempt to relate local morphology

to '5N N IR data. We conclude that 15N CP/MAS MIR% is a sensitive technique for



examining these materials at tb3 molecular level with the potential for correlation

with macroscopic properties.
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LIST OF FIGURES

Figure 1. "6N CP/TIAS spectra of water coagulated PPTA (upper trace); precipitated

PPTA annealed at 4000C for 8 hours(middle trace); and commercial PPTA

oriented fiber (lower trace).

Figure 2. "5N CP/MAS spectra of PPTA/nylon 3 molecular composites (top to

bottom): 10%; 20%; 30%; 50% PPTA; and annealed PPTA precipitate shown

for comparison.

Figure 3. "N CP/MAS spectra of PBT as-obtained powder (upper trace); annealed

powder (middle); and 80% PBT-nylon 6 block copolymer (lower trace).
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